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Abstract
We propose a novel shape function, on which the metric that models traversable worm-
holes is dependent. With this shape function, the energy conditions, equation of state and
anisotropy parameter are analyzed in f(R) gravity, f(R,T ) gravity and general relativity.
Furthermore, the consequences obtained with respect to these theories are compared. In
addition, the existence of wormhole geometries is investigated.
Keywords: Traversable wormhole; Exponential shape function; f(R, T ) gravity; f(R) gravity
1 Literature Survey
Wormhole solutions of Einstein’s field equations in general relativity do not satisfy the classical
energy conditions. These connect two universes or two remote parts of the same universe. These
were first studied by Flamm [1] in a simplest form. After that, Einstein & Rosen [2] first in-
troduced a mathematical model of wormhole representing the connection of two asymptotically
flat spaces through a bridge which is known as Einstein-Rosen bridge. It was observed that an
exotic matter may present to produce antigravity for stability of the Einstein-Rosen bridge. Oth-
erwise due to gravity, the throat may collapse into a singularity and hence the passage through the
wormhole will stop. According to standard no-go theorems, there can be no stationary traversable
wormholes minimally coupled with physical non-exotic sources in four-dimensional general rela-
tivity [3,4]. Therefore, the existence of wormholes requires either the well known violations of the
energy conditions or that the source itself should be non-stationary. Hence, Beato et al. [5] and
Canfora et al. [6] constructed an exact static traversable Lorentzian wormhole in general theory of
relativity, minimally coupled to the nonlinear sigma model with a negative cosmological constant,
and, they found that there is no “exotic matter” (as a negative cosmological constant can hardly
be considered exotic) nevertheless, the wormhole is traversable, Lorentzian and built purely with
ingredients arising in standard particle physics. Further, [5,6] suggested that exotic matter is not
compulsory to construct a traversable wormhole in general theory of relativity. The special limit
of Skyrme coupling constant λ = 0, the system reduces to the nonlinear sigma model [5, 6]. The
nonlinear sigma model is an important nonlinear field theory with applications to a wide range of
∗Corresponding author.
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phenomena, from quantum field theory to statistical mechanics systems like quantum magnetism,
the quantum hall effect, super fluid and string theory. The nonlinear sigma model describes the
low energy dynamics of pions, whose degrees of freedom are encoded in an SU(2) group-valued
scalar field U [7]. The action of the system is: S = SG + Spions, where the gravitational action
SG and the nonlinear sigma model action Spions are given by SG =
1
16piG
∫
d4x
√−g(R − 2Λ),
Spions =
A
2
∫
d4x
√−gTr(RµRµ), Rµ = U−1▽µU , U ∈ SU(2), Rµ = Rjµtj , tj = iσj , where R
is the Ricci scalar, G is Newton’s constant, the parameter (A > 0) is experimentally fixed and
σj are the Pauli matrices. Morris & Thorne [8] made a significant contribution in the study of
wormholes, discovered traversable wormholes and began an active area of research. Some examples
of traversable wormholes are discussed in [9–14]. In literature, various studies have been done to
investigate the stability of wormholes and the matter passing through them [15–19]. The mod-
els of multiverses have also been constructed using the concept of wormholes [20–23]. Lemos et
al. [24] reviewed traversable wormholes, analyzed them due to the effect of cosmological constant
and explored their various properties. Lobo [25] studied physical properties of wormhole solutions.
Bo¨hmer et al. [26] obtained various wormhole solutions using a linear relationship between energy
density and pressure and explored phantom wormhole geometries. Cataldo & Meza [27] explored
wormhole structures filled with matter components of two types. Cataldo et al. [28] studied static
spherically symmetric wormholes sustained by matter sources with isotropic pressure and showed
their non-existence in the presence of zero-tidal-force. Wang and Meng [29] studied wormholes
in the context of bulk viscosity. They considered three classes of viscous models and obtained
various wormhole solutions. Jahromi and Moradpour [30] carried out a study of static traversable
wormholes and found a possibility of a Lyra displacement vector field so that energy conditions
are satisfied in Lyra manifold. Tsukamoto and Kokubu [31] investigated linear stability of thin
shell wormholes filled with a barotropic fluid. Barros and Lobo [32] studied wormhole structures
using three form fields and obtained various solutions. They found the validation of weak and null
energy conditions in the presence of three-form fields.
Several experimental data have declared the current cosmic acceleration of the universe [33–36].
Einstein’s theory of general relativity was found unable to explain this acceleration. Consequently,
various modified theories have been introduced in literature. The f(R) and f(R, T ) theories are
well known theories among them. In the early 1980s, Starobinsky [37] discussed f(R) model by
taking f(R) = R + αR2, where α > 0, representing inflationary scenario. Caroll et al. [38] made
some correction in gravitational action by adding the term R−n, where n > 0, and explained cosmic
acceleration. Tsujikawa [39] discussed f(R) models that satisfy local gravity constraints and the
conditions of cosmological viability. He studied f(R) model given by m(r) = C(−r − 1)p, where
C > 0, p > 1 with m = R d
2f
dR2
/ df
dR
, r = −R df
dR
/f that cover viable models studied so far lying in
high curvature region and compatible with local gravity constraints. In particular, he introduced
a viable cosmological f(R) model with the function f(R) defined as f(R) = R − µRc tanh RRc ,
where µ and Rc are positive constants. He explored the evolution of matter density and showed
the domination of scalar over a matter-induced mode as we move back to the past. Many viable
cosmological models in modified f(R) gravity have been discussed in [40–50]. Subsequently, Harko
et al. [51] generalized the gravitational action f(R) by including the stress energy tensor term and
developed a new theory called f(R, T ) theory of gravity. The choice of stress energy tensor in
the action is induced by exotic imperfect fluid or quantum effects. Since the matter and gravity
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are coupled, therefore the gravity models are dependent on the source term which is change of
the stress energy tensor of matter. Consequently, the path of test particles is deviated from the
geodesic path which may produce significant results to explore the universe. Houndjo [52] ob-
tained the unification of both deceleration and acceleration phases without neglecting matter in
the context of f(R, T ) gravity. Baffou et al. [53] studied the cosmological evolution of deceleration
and equation of state parameters using f(R, T ) gravity. Various cosmological models have been
studied in f(R, T ) theory of gravity [54–66]. For recent reviews on not only dark energy problem
but also modified gravity theories, see, e.g. [67–74].
Modified theories have also been used for the exploration of wormhole geometry. Hochberg et
al. [75] solved semi classical field equations representing wormholes. Nojiri et al. [76] used ef-
fective equation method and determined the possibility of the induction of wormholes in early
time. Furey and Bendictis [77] considered gravitational action with non-linear powers of Ricci
scalar and explored the existence of static wormhole. Dotti et al. [78] obtained wormhole solutions
in higher dimensional gravity. Bouhmadi-Lo´pez et al. [79] assumed a specific form of equation of
state and used cut-and-paste approach to match interior spherically symmetric wormhole solutions
with an exterior Schwarzschild solution and analyse the stability of the thin-shell. Duplessis and
Easson [80] obtained exotic traversable wormhole and black hole solutions in scale-free R2 gravity
which do not require violation of null energy condition. Najafi et al. [81] considered an extra
space-like dimension, examined its effect on scale factor, shape function and energy density and
explored traversable wormhole in the framework of FLRW model. Rahaman et al. [82] constructed
traversable wormholes in Finsler geometry. They obtained exact solutions for different choices
of shape function, redshift function & equation of state and discussed the characteristics of the
wormhole models. Amir et al. [83] carried out a study of the shadow of charged wormholes in the
context of Einstein-Maxwell-dilaton theory.
Lobo and Oliveira [84] studied traversable wormholes in f(R) gravity. They determined the factors
that are responsible for the dissatisfaction of the null energy condition and support the wormhole
structures. They obtained various solutions by taking various equations of state and considering
some particular shape functions with constant redshift function. Saiedi and Esfahani [85], using
constant shape and redshift functions, obtained wormhole solutions in the background of f(R)
gravity and investigated null and weak energy conditions. Eiroa and Aguirre [86] constructed
thin-shell wormholes with charge in f(R) gravity and analyzed their stability under perturbations,
also, found that the junction conditions determine the equation of state of the matter at the
throat. Furthermore, Eiroa and Aguirre [87] studied a family of spherically symmetric Lorentzian
wormholes in quadratic f(R) gravity, with a thin shell of matter corresponding to the throat. Ba-
hamonde et al. [88] studied wormholes in f(R) gravity. They constructed a dynamical wormhole
and found it asymptotically approaching towards the FLRW universe. Eiroa and Aguirre [89] ex-
plored spherical thin shell wormholes in f(R) theory of gravity and obtained the existence of stable
static configurations for a suitable set of model parameters. Kuhfittig [90] explored wormholes in
f(R) gravity. He considered various shape functions, derived corresponding f(R) functions and
found wormhole solutions. He also considered an special form of function f(R) and obtained worm-
hole solutions. Godani and Samanta [91,92] and Samanta and Godani [93,94] investigated energy
conditions for traversable wormhole in f(R) gravity. Moraes et al. [95] obtained analytical general
solutions for static wormholes in f(R, T ) gravity. Zubair et al. [96] investigated energy conditions
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and wormhole solutions taking three types of fluids in f(R, T ) gravity. Moreas and Sahoo [97]
studied static wormholes in f(R, T ) theory of gravity and presented some models of wormholes
using different assumptions for the matter content. Recently, Godani and Samanta [98] defined
a non-linear f(R, T ) function and explored the spherical regions for static traversable wormholes
where energy conditions are satisfied.
The motivation of this paper is to develop a new shape function to study the wormhole solutions
in different theories of gravitation. Therefore, in this paper, a new shape function is defined and
wormhole solutions are explored in f(R) gravity, with specific form of f(R) = R − µRc tanh RRc ,
where R is curvature scalar and, µ and Rc are positive constants, f(R, T ) gravity, with specific
form of f(R, T ) = R + 2f(T ), where R is the curvature scalar, f(T ) = λT , T is the trace of the
energy-momentum tensor & λ is a constant and general relativity. The section-wise description is
as follows: In Section 2, the wormhole structure is discussed. In Sections 3 & 4, brief reviews of
f(R) and f(R, T ) gravities, respectively, are presented. In Section 5, the field equations are solved
and energy condition terms are computed, plotted and analyzed with respect to both modified
theories. In Section 6, the findings are compared and finally, in Section 7, the work is concluded.
2 Wormhole Structure
A static and spherically symmetric wormhole structure is defined by the metric
ds2 = −e2Φ(r)dt2 + dr
2
1− b(r)/r + r
2(dθ2 + sin2 θdφ2), (1)
where the functions b(r) and e2Φ(r) are called as shape and redshift functions respectively. The
radial coordinate r varies from r0 to ∞, where r0 is called the radius of the throat. The angles
θ and φ vary from 0 to π and 0 to 2π respectively. To avoid the presence of horizons and singu-
larities, the redshift function should be finite and non-zero. The shape function should satisfy the
following properties: (i) b(r)
r
< 1 for r > r0, (ii) b(r0) = r0 at r = r0, (iii)
b(r)
r
→ 0 as r →∞, (iv)
b(r)−b′(r)r
b(r)2
> 0 for r > r0 and (v) b
′(r0) ≤ 1. The condition (i) is necessary for the radial metric com-
ponent to be negative. The shape function possesses minimum value equal to r0 given by condition
(ii). To obtain asymptotically flat space time as r →∞, the condition (iii) is required. Conditions
(iv) and (v) are known as flaring out condition which are required to obtain traversable wormholes.
Lobo & Oliveira [84] chosen some specific shape functions (i) b(r) =
r2
0
r
& (ii) b(r) =
√
r0r to
study traversable wormholes in f(R) gravity. Rahaman et al. [82] considered shape functions (i)
b(r) = r0 + ρ0r
3
0 ln(
r0
r
) & (ii) b(r)r0 + γr0(1 − r0r ), where ρ0 and γ are arbitrary constants and
less than unity, to explore Finslerian wormhole models. Cataldo et al. [28] assumed a linear shape
function b(r) = α+βr, where α and β are arbitrary constants and obtained wormholes connecting
two asymptotic non-flat regions with a solid angle deficit. Jahromi and Moradpour [30] considered
shape function b(r) = a tanh(r), where a is a constant and explored static traversable wormholes
in Lyra geometry. Kuhfittig [90] took the shape function b(r) = r0(
r
r0
)β, where 0 < β < 1, to
investigate the existence of traversable wormholes in the background of f(R) gravity. Recently,
Godani & Samanta [91] defined a shape function b(r) = r0 log(r+1)
log(r0+1)
and studied energy conditions in
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Figure 1: Plot for various conditions satisfied by the shape function b(r)
the context of traversable wormholes. Since the shape functions have important role for wormholes
modeling, therefore, in this paper, we defined new shape function b(r) as follows:
b(r) =
r
exp(r − r0) . (2)
This shape function satisfies all the conditions discussed above as shown in Fig. (1). Now, we
have explored the significance of this shape function in two directions. Firstly, we have used
the embedding diagram to impose the demand that the wormhole is described by the metric (1).
Secondly, we have determined radial and lateral tidal constraints for Zero-tidal-force-Schwarzschild-
like wormholes and consequently, calculated an upper bound for the speed of traveler at r = r0.
We have considered spherically symmetric geometry for equatorial slice θ = pi
2
at a fixed time.
Using θ = pi
2
and t = constant, the metric (1) takes the form
ds2 =
1
1− b(r)
r
dr2 + r2dφ2. (3)
We are interested to envisage this slice as taken away from 4-dimensional space-time and embedded
in 3-dimensional Euclidean space as a 2-dimensional surface having the geometry same as the slice
considered above. In cylindrical coordinates, the metric for the 3-dimensional Euclidean space is
given by
ds2 = dr2 + r2dφ2 + dz2. (4)
5
Figure 2: Plot of embeding surface z(r) with respect to r for slice t = constant and θ = π/2
The embedded surface can be described by z ≡ z(r) so that it will be axially symmetric. Therefore,
the line element (4) can be written as
ds2 =
(
1 +
(dz
dr
)2)
dr2 + r2dφ2. (5)
Identifying the coordinates (r, φ) of the embedding space with the coordinates (r, φ) of the worm-
hole space-time, from Eqns. (3) & (5), we have
dz
dr
= ±
( r
b(r)
− 1
)
−1/2
. (6)
The solution of Eq. (6) gives the embedded surface which is plotted in Fig. (2). At r = r0, this
embedding surface is ill defined i.e. dz
dr
= ∞ at r = r0. The outside space which is far from the
throat of the wormhole is asymptotically flat.
Now, the proper radial distance is defined as [8]
l(r) = ±
∫ r
r0
(
r − b(r)
r
)
−
1
2
dr. (7)
Using shape function (2),
l(r) = ±
∫ r
r0
(1− exp(r0 − r))−
1
2 dr. (8)
For the upper universe of wormhole, z > 0 and hence l(r) is positive. Similarly, for the lower
universe, z < 0 and hence l(r) < 0. For proper radial distance l(r) to be well behaved everywhere,
it should be finite every where in space-time. At a far distance from the throat of wormhole, the
space becomes asymptotically flat, so dz
dr
→ 0 as l(r)→ ±∞.
As we are studying traversable wormhole, therefore, it should not contain any horizon, since a hori-
zon, if present, would prevent two way travel through wormhole. Hence, to maintain traversability
condition we require Φ(r) must be finite. Therefore, in this study, we assume Φ(r) ≡ constant, so
that Φ
′ ≡ 0. The condition Φ′ ≡ 0, called the zero-tidal-force solution in [8], is highly desirable fea-
ture for a traversable condition in wormhole. Zero-tidal-force-Schwarzschild-like wormholes form
a specific and simple class of wormholes for which the metric (1) takes the form
ds2 = −dt2 + dr
2
1− b(r)/r + r
2(dθ2 + sin2 θdφ2). (9)
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Now, we focus on the traversability condition of such wormholes. Let a traveler starts journey
radially from a point in the lower universe to a point in the upper universe. Then the acceleration
experienced by the traveler should not be greater than g = 9.8 m/sec2. In [8, 9], the acceleration
experienced by a traveler traveling radially is defined as
a = ±
√
1− b(r)
r
exp−φ(r)(γ exp φ(r))′c2
= ±
√
1− exp(r0 − r) exp−φ(r)(γ exp φ(r))′c2, (10)
where γ = (1 − v2/c2)−1, v is the radial velocity of traveler and c is the speed of light. Then for
the zero-tidal-force-Schwarzschild-like wormholes (9), the constraint is given by
|a| = |√1− exp(r0 − r)γ ′c2| ≤ g.
Another traversability condition is associated with tidal accelerations felt by the traveler that
should not be greater than the Earth’s gravitational acceleration. In [8], radial and lateral tidal
constraints are defined. The radial tidal constraint provide a constraint on metric coefficient φ and
the lateral tidal constraint provide a constraint on the speed of the traveler with which it passes
the wormhole. For a traveler, having the size of the body equal to ǫ, the expressions for radial and
lateral tidal constraints, respectively, are given as∣∣∣(1− b
r
)(−φ′′ − φ′2 + b
′r − b
2r(r − b)φ
′)c2
∣∣∣|ǫ| ≤ g (11)
and ∣∣∣γ2c2
2r2
[v2
c2
(b′ − b
r
) + 2(r − b)φ′
]∣∣∣|ǫ‖ ≤ g. (12)
For metric (9), the lateral tidal constraint gives
∣∣∣−exp(r0−r)γ2v22r ∣∣∣|ǫ| ≤ g, however the radial tidal
constraint vanishes everywhere. For the non-relativistic motion, v << c which implies that γ ≈ 1.
Thus, at r = r0, an upper bound for traverler’s speed is obtained as v ≤
√
9.8r0.
3 Field Equations of f(R) Gravity
The gravitational action for Einstein’s theory of general relativity is defined as
SG =
1
16π
∫
[R + Lm]
√−gd4x, (13)
where R is the curvature scalar, Lm is the matter Lagrangian density and g is the determinant of
the metric gµν . It was found inadequate to describe the present accelerating phase of our universe.
Consequently, the action (13) was generalized by replacing R with an arbitrary function f(R). It
is defined as
SG =
1
16π
∫
[f(R) + Lm]
√−gd4x. (14)
Variation of Eq.(14) with respect to the metric gµν gives the field equations as
FRµν − 1
2
fgµν − ▽µ▽νF +Fgµν = Tmµν , (15)
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where Rµν and R denote Ricci tensor and curvature scalar respectively and F =
df
dR
. The contrac-
tion of 15, gives
FR− 2f + 3F = T, (16)
where T = T µµ is the trace of the stress energy tensor. From Eqs. 15 & 16, the effective field
equation is obtained as
Gµν ≡ Rµν − 1
2
Rgµν = T
eff
µν , (17)
where T effµν = T
c
µν + T
m
µν/F and T
c
µν =
1
F
[▽µ▽νF − 14gµν(FR +F + T )]. The energy momentum
tensor for the matter source of the wormholes is Tµν =
∂Lm
∂gµν
, which is defined as
Tµν = (ρ+ pt)uµuν − ptgµν + (pr − pt)XµXν , (18)
such that
uµuµ = −1 and XµXµ = 1, (19)
where ρ, pt and pr stand for the energy density, tangential pressure and radial pressure respectively.
The Ricci scalar R given by R = 2b
′(r)
r2
and Einstein’s field equations for the metric 1 in f(R) gravity
are obtained as:
ρ =
Fb′(r)
r2
−H (20)
pr = −b(r)F
r3
−
(
1− b(r)
r
)[
F ′′ +
F ′(rb′(r)− b(r))
2r2
(
1− b(r)
r
)
]
+H (21)
pt =
F (b(r)− rb′(r))
2r3
− F
′
r
(
1− b(r)
r
)
+H, (22)
where H = 1
4
(FR + F + T ) and prime upon a function denotes the derivative of that function
with respect to radial coordinate r.
4 Field Equations of f(R, T ) Gravity
Harko et al. [51] modified Einstein’s general relativity by replacing R with an arbitrary func-
tion f(R, T ) of R and T , where T is the trace of the energy-momentum tensor, and defined the
gravitational action as
SG =
1
16π
∫
[f(R, T ) + Lm]
√−gd4x. (23)
Let  ≡ −▽µ▽ν and θµν = −2Tµν + gµνLm − 2gγσ ∂
2Lm
∂gµν∂gγσ
.
Taking Lm = −p,
θµν = −2Tµν − pgµν. (24)
Varying action (23) with respect to the metric, field equations are
f(R, T )Rµν − 1
2
f(R, T )gµν + (gµν− ▽µ▽ν)fR(R, T ) = 8πTµν − fT (R, T )θµν , (25)
8
where fR(R, T ) ≡ ∂f(R, T )
∂R
and fT (R, T ) ≡ ∂f(R, T )
∂T
.
For f(R, T ) = R+ 2f(T ), where T is the trace of the energy-momentum tensor, the gravitational
field equations from Eq.(25) are obtained as
Rµν − 1
2
Rgµν = 8πTµν − 2f ′(T )Tµν − 2f ′(T )θµν + f(T )gµν, (26)
where ′ stands for the derivative of f(T ) with respect to T . Using Eq.(24) in Eq.(26),
Rµν − 1
2
Rgµν = 8πTµν + 2f
′
(T )Tµν + [2pf
′
(T ) + f(T )]gµν . (27)
For f(T ) = λT , where λ is a constant, the field equations for the wormhole metric (1) are come
out to be
b
′
r2
= (8π + λ)ρ− λ(pr + 2pt) (28)
− b
r3
= λρ+ (8π + 3λ)pr + 2λpt (29)
b− b′r
2r3
= λρ+ λpr + (8π + 4λ)pt (30)
5 Wormhole Solutions
Tsujikawa [39] introduced a viable cosmological f(R) model with the function f(R) defined as
f(R) = R− µRc tanh R
Rc
, (31)
where µ and Rc are positive constants. The model is cosmologically viable and satisfies local
gravity constraint. The cosmological viability of f(R) models can be understood by quantities
m = RdfR(R)
dR
/fR(R) and r = −RfR(R)/f(R) by plotting corresponding curves in the (r,m) plane.
It is considered that the cosmological evolution starts from radiation epoch with large and positive
Ricci scalar R and approaches to de-Sitter attractor with R = R1 in future. For m close to zero,
the matter dominated point Pm lies on the line m = −r − 1. The viable saddle matter era exists
if m > 0 and −1 < dm
dr
≤ 0 at r ≈ −1. If fR(R) > 0 and dfR(R)dR > 0 for R ≥ R1, then the model
is stable and hence m > 0. The condition −1 < dm
dr
≤ 0 is obtained, if m(r) curves lies between
m = 0 and m = −r − 1.
For a general f(R) model, four dimensionless variables are introduced as [99]:
x1 = −
˙fR(R)
HfR(R)
, (32)
x2 = − f(R)
6fR(R)H2
, (33)
x3 =
R
6H2
=
H˙
H2
+ 2, (34)
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x4 =
k2ρrad
3fR(R)H2
, (35)
where ˙fR(R) =
dfR(R)
dt
, k2 = 8πG, H is the Hubble parameter and ρrad is the radiation energy
density.
For ρrad = 0 i.e. x4 = 0, there are six critical points of the system of Equations (32)-(35):
P1(0,−1, 2), P2(−1, 0, 0), P3(1, 0, 0), P4(−4, 5, 0), P5( 3m1+m , 1+4m2(1+m)2 , 1+4m2(1+m) )
and P6(
2(1−m)
1+2m
, 1−4m
m(1+2m)
,− (1−4m)(1+m)
m(1+2m)
).
The effective equation of state is weff = −1 − 2H˙3H2 . At point P1, weff = −1 which gives de-Sitter
solution H˙ = 0. So this point is known as de-Sitter point. The de-Sitter point is stable, when
0 < m(r = −2) ≤ 1. If a m(r) curve starting from Pm intersects with a line r = −2 for 0 < m ≤ 1,
then f(R) model is cosmologically viable.
Local gravity constraints on f(R) model is given by m(Rs) <<
1
fR(R)
( l
R
−1/2
s
)2, where Rs ≈ 8πGρs
is a curvature measured on the local structure, ρs is the energy density of the structure and l is
the scale at which the gravity experiments are performed. Thus, in the region of high curvature,
m should be a very small quantity.
For R >> Rc, f(R) ≅ R − µRc(1− exp(−2RRc )). At the de-Sitter point,
µ =
x1 cosh
2(x1)
2 sinh(x1) cosh(x1)− x1 , (36)
where x1 = R1/Rc. For the stability of the model at de-Sitter point, x1 > 0.920 and µ > 0.905.
For positive Ricci scalar R, dfR(R)
dR
is positive when µ > 0.905. but fR(R) is positive only for
0.905 < µ < 1. Thus, for 0.905 < µ < 1, both fR(R) and
dfR(R)
dR
are positive. Hence, the condition
of stability is satisfied for this range of µ. For µ = 0.905, the stability condition of de-Sitter point
will not be satisfied.
Harko et al. [51] proposed an f(R, T ) model with the function f(R, T ) = R + 2λT , where λ is
constant and T is the trace of energy-momentum tensor. In literature, various cosmological models
are explored using this model [54, 56, 57, 59, 97].
In this section, the solutions of wormhole metric (1) and energy condition terms are derived and
plotted with respect to above f(R) and f(R, T ) models. The conclusions drawn are also analyzed
for each set of plots.
5.1 Case 1: For f(R) model
The wormhole solutions are
ρ =
1
16R2cr
6
[
e−3rsech4
(
2(r − 1)er0−r
Rcr2
)(
2R3cµe
3rr6 sinh
(
4(r − 1)er0−r
Rcr2
)
+ R3cµe
3rr6
× sinh
(
8(r − 1)er0−r
Rcr2
)
− 8er0
(
R2ce
2r(r − 1)r4 + 16µ (r2 − 2)2 e2r0 − 16µ (r2 − 2)2 er+r0)
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× cosh
(
4(r − 1)er0−r
Rcr2
)
− 6R2cr5e2r+r0 + 6R2cr4e2r+r0 − 2R2c(r − 1)r4e2r+r0 cosh
(
8(r − 1)er0−r
Rcr2
)
+ 64Rcµr
2e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 64Rcµr2er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr5e2r+r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµr
5er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
4e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr4er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 64Rcµr
3e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr3er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 256µr4e3r0 − 256µr4er+2r0 − 1024µr2e3r0 + 1024µr2er+2r0
− 1024µer+2r0 + 1024µe3r0)
]
(37)
pr = −1
2
Rcµ tanh
(
2(r − 1)er0−r
Rcr2
)
+
1
Rcr4
[
µer0−2r
(
Rce
rr3 − 8 (r2 − 2) (er − er0)
× tanh
(
2(r − 1)er0−r
Rcr2
))
sech2
(
2(r − 1)er0−r
Rcr2
)]
− e
r0−r
r2
(38)
pt =
1
16R2cr
6
[
e−3rsech4
(
2(r − 1)er0−r
Rcr2
)(
−2R3cµe3rr6 sinh
(
4(r − 1)er0−r
Rcr2
)
− R3cµe3rr6
× sinh
(
8(r − 1)er0−r
Rcr2
)
+ 4R2cµr
5e2r+r0 − 8R2cµr4e2r+r0 + 4er0
(
R2ce
2rr4(µ(r − 2) + r)
+ 32µ
(
r2 − 2)2 e2r0 − 32µ (r2 − 2)2 er+r0) cosh(4(r − 1)er0−r
Rcr2
)
+ 3R2cr
5e2r+r0
+ R2cr
5e2r+r0 cosh
(
8(r − 1)er0−r
Rcr2
)
− 128Rcµr2e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 128Rcµr
2er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
5e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 16Rcµr5er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
− 64Rcµr3e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
3er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
− 256µr4e3r0 + 256µr4er+2r0 + 1024µr2e3r0 − 1024µr2er+2r0
+ 1024µer+2r0 − 1024µe3r0)
]
(39)
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From Equations (37), (38) and (39),
ρ+ pr = − 1
8R2cr
6
[
er0−3rsech4
(
2(r − 1)er0−r
Rcr2
)(−4R2cµe2rr5 + 4 (−R2c(µ− 1)e2rr5 + 16µ
× (r2 − 2)2 e2r0 − 16µ (r2 − 2)2 er+r0) cosh(4(r − 1)er0−r
Rcr2
)
+ 3R2ce
2rr5 +R2ce
2rr5 cosh
×
(
8(r − 1)er0−r
Rcr2
)
− 96Rcµe2rr2 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 96Rcµr
2er+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµe
2rr5 sinh
(
4(r − 1)er0−r
Rcr2
)
− 8Rcµr5er+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµe
2rr4 sinh
×
(
4(r − 1)er0−r
Rcr2
)
− 16Rcµr4er+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµe2rr3 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµr
3er+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 128µr4e2r0 + 128µr4er+r0 + 512µr2
× e2r0 − 512µr2er+r0 + 512µer+r0 − 512µe2r0)
]
(40)
ρ+ pt =
1
4Rcr4
[
er0−2rsech2
(
2(r − 1)er0−r
Rcr2
)(
16µ
(
r2 − 2) (er − er0) tanh(2(r − 1)er0−r
Rcr2
)
+ Rc(2µ− 1)er(r − 2)r2 − Rcer(r − 2)r2 cosh
(
4(r − 1)er0−r
Rcr2
))]
(41)
ρ+ pr + 2pt = − 1
8R2cr
6
[
µe−3rsech4
(
2(r − 1)er0−r
Rcr2
)(
R3ce
3rr6 sinh
(
8(r − 1)er0−r
Rcr2
)
− 8R2cr5e2r+r0
+ 8R2cr
4e2r+r0 − 8er0
(
R2ce
2r(r − 1)r4 + 8 (r2 − 2)2 e2r0 − 8 (r2 − 2)2 er+r0) cosh
×
(
4(r − 1)er0−r
Rcr2
)
+ 2Rce
rr2
(
R2ce
2rr4 − 8 (r3 − r2 − 2r − 2) er+r0 + 4 (r3 − 2r2 − 2r
− 4) e2r0) sinh(4(r − 1)er0−r
Rcr2
)
+ 128r4e3r0 − 128r4er+2r0 − 512r2e3r0 + 512r2er+2r0
− 512er+2r0 + 512e3r0)
]
(42)
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ρ− |pr| = 1
16R2cr
6
[
e−3rsech4
(
2(r − 1)er0−r
Rcr2
)(
2R3cµe
3rr6 sinh
(
4(r − 1)er0−r
Rcr2
)
+R3cµe
3rr6
× sinh
(
8(r − 1)er0−r
Rcr2
)
− 8er0
(
R2ce
2r(r − 1)r4 + 16µ (r2 − 2)2 e2r0 − 16µ (r2 − 2)2 er+r0)
× cosh
(
4(r − 1)er0−r
Rcr2
)
− 6R2cr5e2r+r0 + 6R2cr4e2r+r0 − 2R2c(r − 1)r4e2r+r0 cosh
(
8(r − 1)er0−r
Rcr2
)
+ 64Rcµr
2e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 64Rcµr2er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr5e2r+r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµr
5er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
4e2r+r0 sinh
×
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr4er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 64Rcµr
3e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr3er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 256µr4e3r0 − 256µr4er+2r0 − 1024µr2e3r0 + 1024µ
× r2er+2r0 − 1024µer+2r0 + 1024µe3r0)
]
−
∣∣∣∣∣− 12Rcµ tanh
(
2(r − 1)er0−r
Rcr2
)
+
1
Rcr4
[
µer0−2r
×
(
Rce
rr3 − 8 (r2 − 2) (er − er0) tanh(2(r − 1)er0−r
Rcr2
))
sech2
(
2(r − 1)er0−r
Rcr2
)]
− e
r0−r
r2
∣∣∣∣∣ (43)
ρ− |pt| = 1
16R2cr
6
[
e−3rsech4
(
2(r − 1)er0−r
Rcr2
)(
2R3cµe
3rr6 sinh
(
4(r − 1)er0−r
Rcr2
)
+R3cµe
3rr6
× sinh
(
8(r − 1)er0−r
Rcr2
)
− 8er0
(
R2ce
2r(r − 1)r4 + 16µ (r2 − 2)2 e2r0 − 16µ (r2 − 2)2 er+r0)
× cosh
(
4(r − 1)er0−r
Rcr2
)
− 6R2cr5e2r+r0 + 6R2cr4e2r+r0 − 2R2c(r − 1)r4e2r+r0 cosh
(
8(r − 1)er0−r
Rcr2
)
+ 64Rcµr
2e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 64Rcµr2er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr5e2r+r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµr
5er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
4e2r+r0 sinh
×
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr4er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 64Rcµr
3e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr3er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 256µr4e3r0 − 256µr4er+2r0 − 1024µr2e3r0 + 1024µr2er+2r0
− 1024µer+2r0 + 1024µe3r0)
]
−
∣∣∣∣∣ 116R2cr6
[
e−3rsech4
(
2(r − 1)er0−r
Rcr2
)(−2R3cµe3rr6 sinh
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×
(
4(r − 1)er0−r
Rcr2
)
− R3cµe3rr6 sinh
(
8(r − 1)er0−r
Rcr2
)
+ 4R2cµr
5e2r+r0 − 8R2cµr4e2r+r0 + 4er0
(
R2c
× e2rr4(µ(r − 2) + r) + 32µ (r2 − 2)2 e2r0 − 32µ (r2 − 2)2 er+r0) cosh(4(r − 1)er0−r
Rcr2
)
+ 3R2cr
5e2r+r0 +R2cr
5e2r+r0 cosh
(
8(r − 1)er0−r
Rcr2
)
− 128Rcµr2e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 128Rcµr
2er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
5e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 16Rcµr5er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
− 64Rcµr3e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
3er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
− 256µr4e3r0 + 256µr4er+2r0 + 1024µr2e3r0 − 1024µr2er+2r0
+ 1024µer+2r0 − 1024µe3r0)
]∣∣∣∣∣ (44)
pr
ρ
=
[
− 1
2
Rcµ tanh
(
2(r − 1)er0−r
Rcr2
)
+
1
Rcr4
[
µer0−2r
(
Rce
rr3 − 8 (r2 − 2) (er − er0)
× tanh
(
2(r − 1)er0−r
Rcr2
))
sech2
(
2(r − 1)er0−r
Rcr2
)]
− e
r0−r
r2
]
÷ 1
16R2cr
6
[
e−3rsech4
(
2(r − 1)er0−r
Rcr2
)(
2R3cµe
3rr6 sinh
(
4(r − 1)er0−r
Rcr2
)
+R3cµe
3rr6
× sinh
(
8(r − 1)er0−r
Rcr2
)
− 8er0
(
R2ce
2r(r − 1)r4 + 16µ (r2 − 2)2 e2r0 − 16µ (r2 − 2)2 er+r0)
× cosh
(
4(r − 1)er0−r
Rcr2
)
− 6R2cr5e2r+r0 + 6R2cr4e2r+r0 − 2R2c(r − 1)r4e2r+r0 cosh
(
8(r − 1)er0−r
Rcr2
)
+ 64Rcµr
2e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 64Rcµr2er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr5e2r+r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 16Rcµr
5er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 32Rcµr
4e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr4er+2r0 sinh
(
4(r − 1)er0−r
Rcr2
)
+ 64Rcµr
3e2r+r0 sinh
(
4(r − 1)er0−r
Rcr2
)
− 32Rcµr3er+2r0
× sinh
(
4(r − 1)er0−r
Rcr2
)
+ 256µr4e3r0 − 256µr4er+2r0 − 1024µr2e3r0 + 1024µr2er+2r0
− 1024µer+2r0 + 1024µe3r0)
]
(45)
The anisotropy parameter (△) is defined as △ = pt − pr. If △ < 0, then the geometry is said to
be attractive; if △ > 0, then the geometry is said to be repulsive and if △ = 0 , then the geometry
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has an isotropic pressure. The equation of state parameter (ω) in terms of radial pressure and
density is defined as w = pr
ρ
. It is also called as radial state parameter.
In Eqns. (35)-(43), the expressions for the energy density, radial and tangential pressures and their
different combinations are obtained in terms of r, µ, Rc and r0, where r is variable and µ, Rc and
r0 are constants.
The behaviour of the energy density is obtained to be positive for r ∈ (0, 1), zero for r = 1 and
negative for r ∈ (1,∞). This indicates the presence of exotic matter for r ∈ (1,∞).
The null energy condition (NEC) in terms of pressures is defined as ρ+ pr ≥ 0 and ρ+ pt ≥ 0. In
Figs. 3(a)-3(c), the first NEC term ρ+ pr is plotted with respect to r. In Fig. 3(a), it is shown to
be negative for r ∈ [44.61, 58.75], in Fig. 3(b), it is shown to be positive for r ∈ (58.75, 63.72) and
in Fig. 3(c), it is observed to negative for r ∈ [63.72,∞). For rest values of r, i.e. for r ∈ (0, 44.61),
ρ+ pr has indeterminate value.
The second NEC term i.e. ρ+ pt is plotted with respect to r in Figs. 3(d) & 3(e). In Fig. 3(d), it
is shown to be positive for r ∈ (0, 2]− {1} and negative for r = 1. In Fig. 3(e), ρ+ pt is found to
possess negative values for r ∈ (2, 59.25] and positive values for r ∈ (59.25,∞). Hence, both NEC
terms are positive only for r ∈ (59.25, 63.72). Therefore, NEC is satisfied for r ∈ (59.25, 63.72)
and violated elsewhere.
The weak energy condition (WEC) in terms of pressures is defined as ρ ≥ 0, ρ + pr ≥ 0 and
ρ+ pt ≥ 0. Since ρ ≥ 0 for r ∈ (0, 1] and NEC is satisfied for r ∈ (59.25, 63.72), therefore WEC is
violated everywhere.
The dominant energy condition (DEC) is defined as ρ − |pr| ≥ 0, ρ − |pt| ≥ 0 and ρ ≥ 0. The
first DEC term is obtained to have indeterminate value for r ∈ (0, 44.71) and negative values for
r ∈ [44.71,∞). The second DEC term is found to be positive for r ∈ (0, 0.67] and negative for
r ∈ (0.67,∞). Subsequently, DEC is violated throughout.
The anisotropy parameter △ = pt − pr is found to have indeterminate value for r ∈ (0, 44.71)
and positive values for r ∈ [44.71, 58.84). Consequently, it is found to be negative for r ∈
[58.84, 63.81] and positive for r ∈ (63.81,∞). This indicates that there is repulsive geometry for
r ∈ [44.71, 58.84)∪ (63.81,∞), attractive geometry for r ∈ [58.84, 63.81] and there is no idea about
the nature of the geometry (i.e. whether the geometry is repulsive or attractive) for r ∈ (0, 44.71).
This shows that the geometry is partly attractive and repulsive. It possesses repulsive or attractive
natures in different intervals.
The equation of state parameter ω has indeterminate value for r ∈ (0, 44.71) and 0 < ω < 1 for
r ∈ [44.71, 58.83). Subsequently, it is found that ω < −1 for r ∈ [58.83,∞). This indicates that for
r ∈ (0, 44.71), there is no idea about the matter contained in the wormholes, for r ∈ [44.71, 58.83),
the wormholes may contain any ordinary type of matter and for r ∈ [58.83,∞), the wormholes
contain phantom fluid. This shows that the wormholes are not filled with same type of matter for
all values of r.
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(a) The NEC term ρ+ pr seems to be negative for
r ∈ [44.61, 58.75), which indicates the availability
of exotic matter near the throat of the wormhole
geometry.
(b) The NEC term ρ+ pr seems to be positive for
r ∈ [58.75, 63.72)
(c) The NEC term ρ + pr seems to be negative
for r > 63.72, which indicates the huge amount of
exotic matter available in the wormhole geometry.
(d) The NEC term is shown to be positive for 0 <
r < 2.
(e) The NEC term ρ + pt is found to be negative
for 2 < r < 59.25 and positive values for r > 59.25.
Figure 3: Plots for Null Energy Condition(NEC) in f(R) gravity
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5.2 Case 2: For f(R, T ) model
From Equations (28), (29), (30) and (2), we have
ρ = −(r − 1)e
r0−r
2(λ+ 4π)r2
(46)
pr =
er0−r
(2λ+ 8π)r2
(47)
pt =
er0−r
4λr + 16πr
(48)
From Equations (46), (47) and (48),
ρ+ pr =
(−r + 2)er0−r
2(λ+ 4π)r2
(49)
ρ+ pt = −(r − 1)e
r0−r
2(λ+ 4π)r2
+
er0−r
4λr + 16πr
(50)
ρ− |pr| = −(r − 1)e
r0−r
2(λ+ 4π)r2
−
∣∣∣ er0−r
(2λ+ 8π)r2
∣∣∣ (51)
ρ− |pt| = −(r − 1)e
r0−r
2(λ+ 4π)r2
−
∣∣∣ er0−r
4λr + 16πr
∣∣∣ (52)
pt − pr = e
r0−r
4λr + 16πr
− e
r0−r
(2λ+ 8π)r2
(53)
pr
ρ
=
1
1− r (54)
In Eqns. (44)-(52), the expressions for the energy density, radial and tangential pressures and their
different combinations are computed in the context of f(R, T ) gravity. The behaviour of energy
density, radial and tangential pressures, NEC and DEC terms, anisotropy parameter and equation
of state parameter are studied in detail.
The nature of the energy density is found to be ρ ≥ 0 for r ∈ (0, 1] & λ > −4π and, ρ ≥ 0 for
r ∈ [1,∞) & λ < −4π. For other combinations of ranges for r and λ, the energy density is found
to be negative. Hence, it is observed that the entire wormhole does not contain either positive
energy density or negative energy density. However, for λ < −4π, the energy density is observed
to be negative near the throat and positive outside the throat.
In Figs. 4(a) and 4(b), the plotting for the first NEC term ρ+pr is done showing its positive value.
In Fig. 4(a), ρ+ pr ≥ 0 for r ∈ (0, 2] and λ > −4π and in Fig. 4(b), ρ+ pr ≥ 0 for r ∈ [2,∞) and
λ < −4π.
In Figs. 4(c) and 4(d), the second NEC term ρ+pt is plotted. In Fig. 4(c), ρ+pt ≥ 0 for r ∈ (0, 2]
& λ > −4π and in Fig. 4(d), ρ + pt ≥ 0 for r ∈ [2,∞) & λ < −4π. Thus, both NEC terms are
positive for (i) r ∈ (0, 2] & λ > −4π and (ii) r ∈ [2,∞) & λ < −4π. Since at a time λ > −4π
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(a) The NEC term ρ+pr seems to be positive for r ≤ 2
& λ > −4pi
(b) The NEC term seems to be positive ρ+pr for r ≥ 2
& λ < −4pi
(c) The NEC term ρ+pt seems to be positive for r ≤ 2
& λ > −4pi
(d) The NEC term ρ+pt seems to be positive for r ≥ 2
& λ < −4pi
Figure 4: Plots for Null Energy Condition(NEC) in f(R, T ) gravity. From the above plots it is
observed that, if we take λ < −4π, then NEC is satisfied for r ∈ [2,∞) and the NEC will be
violated for r < 2. Hence λ < −4π is a more suitable choice parameter for the construction of
wormhole geometry in f(R, T ) gravity. Because, for this suitable choice of parameter, we can
reduce the presence of exotic matter in wormhole geometry.
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or λ < −4π. If we consider λ > −4π, then NEC is satisfied for r ∈ (0, 2] and violated for r > 2.
If we take λ < −4π, then NEC is satisfied for r ∈ [2,∞) and violated for r < 2. For the rest
combinations of ranges for r and λ, NEC is violated. Thus, λ < −4π provides a wide range of r
for the satisfaction of NEC.
From the results discussed above for the energy density and NEC, we find that WEC is also sat-
isfied for (i) r ∈ (0, 1] & λ > −4π and (ii) r ∈ [2,∞) & λ < −4π.
The first DEC term is found to be negative for r ∈ (0, 2] & λ > −4π. However, it is shown to be
positive for r ∈ [2,∞) & λ < −4π.
The second DEC is observed to be positive for r ∈ (0, 2] & λ > −4π. It is shown to be a positive
function for r ∈ [2,∞) & λ < −4π. Thus, DEC is violated for r ∈ (0, 2] & λ > −4π and satisfied
for r ∈ [2,∞) & λ < −4π.
the anisotropy parameter (△) is obtained to be negative for (i) r ∈ (0, 2) & λ > −4π and (ii)
r ∈ (2,∞) & λ < −4π. Thus, the geometry is attractive in these intervals. Also, △ = 0 at r = 2
which means that the geometry has an isotropic pressure at r = 2.
The behaviour of the equation of state parameter is positively increasing function for r ∈ (0, 1).
For r = 1, it has infinite value. Moreover, it is found to be negatively increasing function for
r ∈ (1,∞).
For r ∈ (1, 2), ω < −1; for r = 2, ω = −1 and for r ∈ (2,∞), −1 < ω < 0. Hence, for r ∈ [2,∞),
where energy conditions are found to be satisfied for λ < −4π, the wormholes are filled with
quintessence or non-phantom fluid. Logically, we should consider either λ > −4π or λ < −4π,
because at a time two ranges can not be possible. Hence, precisely we may restrict for λ < −4π
because for this range of λ we get a large range of r for the satisfaction of NEC, WEC and DEC
and small range of r for the presence of exotic matter.
Taking λ = 0 in Equations (43)-(50), the model reduces to GR. For this particular case, it is
observed that for r ∈ (0, 1), ρ > 0; for r = 1, ρ = 0 and for r ∈ (1,∞), ρ < 0. Both null energy
condition terms ρ + pt and ρ + pr are positive for r ∈ (0, 2), zero for r = 2 and negative for
r ∈ (2,∞). This shows the satisfaction of NEC for r ∈ (0, 2] and its dissatisfaction for r ∈ (2,∞).
Consequently, WEC is satisfied for r ∈ (0, 1]. The first DEC term ρ− |pr| is found to be negative
for all r ∈ (0,∞). However, the second DEC term ρ− |pt| is found to be positive for r ∈ (0, 0.66]
and negative for r ∈ (0.66,∞). This shows the violation of DEC everywhere. The anisotropy
parameter is found to be negative for r ∈ (0, 2), zero for r = 2 and positive for r ∈ (2,∞). This
indicates that the geometry is attractive near the throat and repulsive outside the throat. The
equation of state parameter is obtained to be independent of λ, therefore, the results are same as
discussed above in case of f(R, T ).
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6 Results & Discussion
The alternate theories have a significant role in the exploration of wormhole geometries. The metric
of wormhole depends mainly on two functions: shape function and redshift function. For simplicity
and to avoid horizon, the redshift function is taken constant. However, the shape function that
contributes for the shape of the wormhole is newly defined in terms of exponential function as
b(r) = r
exp(r−r0)
. Using this shape function, the existence of wormhole solutions is investigated by
determining various energy conditions, anisotropy parameter and equation of state parameter in
the context of f(R), f(R, T ) and general relativity theories. The results obtained are summarized
in Tables 1-3. With the help of these tables, the results are compared below:
Table 1: Summary of results in f(R) gravity
S.No. Terms Nature with the variation of r
1 ρ > 0, for r ∈ (0, 1)
< 0, for r ∈ (1,∞)
= 0, for r = 1
2 ρ+ pr indeterminate, for r ∈ (0, 44.61)
< 0, for r ∈ [44.61, 58.75) ∪ [63.72,∞)
> 0, for r ∈ (58.75, 63.72)
3 ρ+ pt < 0, for r ∈ {1} ∪ (2, 59.25]
> 0, r ∈ (0, 2] ∪ (59.25,∞)− {1}
4 ρ− |pr| indeterminate, for r ∈ (0, 44.71)
< 0, for r ∈ [44.71,∞)
5 ρ− |pt| > 0, for r ∈ (0, 0.67]
< 0, for r ∈ (0.67,∞)
6 △ indeterminate, for r ∈ (0, 44.71)
> 0, for r ∈ [44.71, 58.84) ∪ (63.81,∞)
< 0, for r ∈ [58.84, 63.81]
7 ω indeterminate, for r ∈ (0, 44.71)
∈ (0, 1), for r ∈ [44.71, 58.83)
< −1, for r ∈ [58.83,∞)
Energy density : It is observed that the energy density ρ ≥ 0 for r ∈ (0, 1] in case of both f(R) and
GR. In f(R, T ) case, ρ ≥ 0 for (i) r ∈ (0, 1] & λ > −4π and (ii) r ∈ [1,∞) & λ < −4π. Otherwise,
ρ < 0. Thus, in both f(R) gravity and GR cases, ρ is positive near the throat of wormhole and
negative outside the throat of wormhole. In f(R, T ) gravity, if λ > −4π, then ρ is positive near
the throat and negative outside the throat of wormhole and if λ < −4π, then ρ is negative near
the throat and positive outside the throat of wormhole.
NEC : In f(R) gravity and GR, NEC is satisfied for r ∈ (58.75, 63.72) and r ∈ (0, 2] respectively.
In f(R, T ) gravity, NEC is valid for r ∈ (0, 2], if λ > −4π or r ∈ [2,∞), if λ < −4π. Thus, NEC
is agreed for a large range of r in f(R, T ) gravity, if λ < −4π is chosen. However, it is satisfied for
small ranges of r in the context of other two theories.
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Table 2: Summary of results in f(R, T ) gravity
S.No. Terms Nature with the variation of r
1 ρ ≥ 0, for r ∈ (0, 1] & λ ∈ (−4π,∞)
≥ 0 for r ∈ [1,∞) & λ ∈ (−∞,−4π)
< 0, otherwise
2 ρ+ pr ≥ 0, for r ∈ (0, 2] & λ ∈ (−4π,∞)
≥ 0, for r ∈ [2,∞) & λ ∈ (−∞,−4π)
< 0, otherwise
3 ρ+ pt ≥ 0, for r ∈ (0, 2] & λ ∈ (−4π,∞)
≥ 0, for r ∈ [2,∞) & λ ∈ (−∞,−4π)
< 0, otherwise
4 ρ− |pr| ≤ 0, for r ∈ (0, 2] & λ ∈ (−4π,∞)
≥ 0, for r ∈ [2,∞) & λ ∈ (−∞,−4π)
5 ρ− |pt| ≥ 0, for r ∈ (0, 2] & λ ∈ (−4π,∞)
≥ 0, for r ∈ [2,∞) & λ ∈ (−∞,−4π)
6 △ < 0, for r ∈ (0, 2) & λ ∈ (−4π,∞)
< 0, for r ∈ (2,∞) & λ ∈ (−∞,−4π)
= 0, for r = 2 & for λ 6= −4π
7 ω > 0, for r ∈ (0, 1)
=∞, for r = 1
< −1, for r ∈ (1, 2)
= −1, for r = 2
∈ (−1, 0), for r > 2
WEC : In f(R) case, WEC is violated everywhere. In GR case, it is satisfied for r ∈ (0, 1]. Finally,
in f(R, T ) case, it is satisfied for r ∈ (0, 2], if λ > −4π or r ∈ [2,∞, if λ < −4π. Thus, WEC
holds good in f(R, T ) case for λ < −4π.
DEC : In both f(R) gravity and GR cases, DEC is violated throughout. However, in f(R, T )
gravity case, it is satisfied for r ∈ [2,∞), if λ < −4π. Thus, DEC also holds good in f(R, T )
gravity for λ < −4π.
Anisotropy parameter (△): Analyzing the results for △, in f(R) case, the geometry is found to
be repulsive for r ∈ [44.71, 58.84) ∪ (63.81,∞), attractive for r ∈ [58.84, 63.81] and not known
for r ∈ (0, 44.71). In GR case, the attractive and repulsive natures of geometry are present for
r ∈ (0, 2) and r ∈ (2,∞) respectively. Finally, in f(R, T ) gravity, the geometry is repulsive for
r ∈ (0, 2), if λ > −4π and for r ∈ (2,∞), if λ < −4π, otherwise it is attractive except for r = 2.
The wormhole geometry should be repulsive near or at the throat and attractive otherwise. This
fact is observed to fulfill in f(R, T ) gravity.
Equation of state parameter (ω): Observing the results for ω, first in f(R) case, there is no idea
about the fluid filled for r ∈ (0, 44.71), there is ordinary fluid for r ∈ [44.71, 58.83) and phantom
fluid for r ∈ [58.83,∞). In f(R, T ) and GR cases, we have same results. In these cases, the type
of fluid present is ordinary for r ∈ (0, 1), not known for r = 1, phantom fluid for r ∈ (1, 2) and
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Table 3: Summary of results in GR
S.No. Terms Nature with the variation of r
1 ρ > 0, for r ∈ (0, 1)
< 0, for r ∈ (1,∞)
= 0, for r = 1
2 ρ+ pr ≥ 0, for r ∈ (0, 2]
< 0, for r ∈ (2,∞)
3 ρ+ pt ≥ 0, for r ∈ (0, 2]
< 0, for r ∈ (2,∞)
4 ρ− |pr| < 0, for r > 0
5 ρ− |pt| > 0, for r ∈ (0, 0.66]
< 0, for r ∈ (0.66,∞)
6 △ < 0, for r ∈ (0, 2)
> 0, for r ∈ (2,∞)
= 0, for r = 2
7 ω > 0, for r ∈ (0, 1)
=∞, for r = 1
< −1, for r ∈ (1, 2)
= −1, for r = 2
∈ (−1, 0), for r > 2
non-phantom or quintessence for r ∈ [2,∞).
Thus, comparing the results obtained in f(R) gravity, f(R, T ) gravity and GR cases, it is found
that the energy conditions which include NEC, WEC and DEC are satisfied only in case of f(R, T )
gravity for r ∈ [2,∞) with λ < −4π. The exotic matter near the throat is present in small quantity
in f(R, T ) gravity case only. The repulsive geometric configuration which is required to keep the
wormhole throat to be open is found in f(R, T ) gravity. Thus, all the results hold good in case of
f(R, T ) gravity. This indicates the compatibility of f(R, T ) gravity in wormhole modeling.
7 Conclusions
In the present work, the frameworks of f(R) and f(R, T ) gravities are used for the exploration of
wormhole structures. First, a novel shape function is defined in terms of the exponential function.
Then this shape function is used in field equations of both f(R) and f(R, T ) gravities and hence
the energy density, null and dominant energy condition terms, equation of state parameter and
anisotropy parameter are analyzed.
In case of f(R) gravity, it is found that NEC validates for a small range of radial coordinate and
violates for a wide range of r. WEC and DEC violate everywhere. In this case, the exotic mat-
ter is found to be present in large amount which is not more interesting results. The interesting
results could be either avoided exotic matter completely or very less amount of exotic matter will
be required for the construction of wormhole model. In case of GR, it is observed that WEC is
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satisfied near the throat of the wormhole but with attractive geometry and dissatisfied outside the
throat having repulsive geometry which is also not preferable.
However, in case of f(R, T ) gravity, for λ < −4π, energy conditions, namely NEC, WEC & DEC,
are satisfied for a large range of r. In this case, the wormhole geometric configuration is repul-
sive near the throat. Also, very less amount of exotic matter is found to be presented near the
throat. So, all the desirable results are found in f(R, T ) theory of gravity. Eventually, we con-
clude that λ plays an important role for the existence of wormhole solutions in f(R, T ) gravity.
Thus, for the model undertaken, we conclude that the f(R, T ) theory of gravity with newly de-
fined exponential shape function b(r) = r
exp(r−r0)
is a most suitable choice to describe the existence
of wormhole solutions filled with very less amount of exotic matter near the throat of the wormhole.
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